waste or liquid medium after incubation MAI of the microorganism. Currently, little precedent exists for the effective utilization of MAI. Reducyion of industrial waste is important since Japanese industries discharge waste of approximately 381,210,000 tons in 2011 according to the Ministry of Environment. Therefore, as an initial step toward utilizing liquid waste produced by cultivation processes, we focused on determination of the composition and identification of characteristic aroma-active compounds in the volatile component of the MAI. It is claimed that the volatile oil components is potentially useful for the perfume industry and other multiple purposes.
Interestingly, for culture of L. acidphilus, a heterofermentative LAB, a remarkable difference exists between the odor of the liquid medium before incubation MBI and the MAI. This difference occurs because heterofermentative LAB s, produce typical flavor and aroma-active compounds in addition to the primary lactic acid product during fer-mentation of foods 5, 6 . Currently, there are no detailed reports elucidating the identity of the aroma-active compounds in the MAI of L. acidophilus using sensory evaluation. In flavor analysis, the most common method for the evaluation of odorants is GC-MS/Olfactometry GC-O and GC-O combined with aroma extract dilution analysis AEDA ; this method effectively evaluates the contribution of key aroma-active compounds 7 .
The aim of this study is to investigate the chemical composition and characteristic aroma-active compounds present in MAI oil in comparison to those found in MBI oil blank as a first step toward utilizing the liquid waste.
EXPERIMENTAL PROCEDURES

Materials
The Lactobacillus acidophilus was grown at 37 for 20 h in a growth medium comprising glucose, peptone, K 2 HPO 4 , MgSO 4 , NaCH 3 COOH, NH 4 
Extract of the volatile oil using hydrodistillation
The MAI or MBI 1.5 kg was hydrodistilled with a Likens Nickerson-type apparatus Osaka Rikou, Osaka, Japan . The volatile oil obtained from MAI or MBI was dried over anhydrous sodium sulfate followed by dilution with diethyl ether to a concentration of 10 mg/mL for analysis by gas chromatography GC and gas chromatography-mass spectrometry GC-MS measurements. The yields of volatile oils were as follows: MAI oil, 36 mg/1.5 kg sample 0.002 ; MBI oil, 21 mg/1.5 kg sample 0.001 . The volatile oils were kept in sealed glass vials and stored at 4 in a freezer prior to analysis.
Gas chromatography GC
The GC analysis was performed using an Agilent Technologies-6890N gas chromatograph equipped with a flame ionization detector FID . The volatile oil was analyzed on an HP-5 column 30 m 0.25 mm i.d., 0.25 μm film thickness . Helium was used as the carrier gas at a flow rate of 1.8 mL/min. One microliter of sample was injected at a split ratio of 1:30. The oven temperature was programmed to increase from 40 to 260 at a rate of 4 /min finishing with a 5 min hold time. The temperatures of the injector and detector were 270 and 280 , respectively.
Gas chromatography-mass spectrometry GC-MS
The GC-MS was carried out using an Agilent Technologies 6890N gas chromatograph linked to an Agilent 5973N MSD mass spectrometer. An HP-5MS column 30 m 0.25 mm i.d., 0.25 μm film thickness was used. The temperatures of the oven, injector, and detector were the same as those adopted above for the GC analysis. Helium was used as the carrier gas at a flow rate of 1.8 mL/min. 1 μL of sample was injected at a split ratio of 1:30. The electron impact EI energy was 70 eV, and the ion source temperature was set at 230 . The spectrum was measured from m/z 39 to 450 at a rate of 2.39 scans/s.
Sniffing test by gas chromatography olfactometry
A sniffing test by GC-O was carried out using an Agilent Technologies-6890N gas chromatograph equipped with Agilent 5973 MSD mass spectrometer and sniffing port ODP 2 Olfactory Detector Port 2, Gerstel . The GC was equipped with an HP-5MS 30m 0.25mm i.d., 0.25 μm film thickness . The sample was injected into the GC in splitless mode. The GC effluent from the capillary column was split 1:1 v/v between the mass spectrometry and the sniffing port. The oven conditions, injector and detector temperature, the carrier gas, flow rate, and ionization mode were the same as for GC-MS described above.
Identi cation of compounds
The volatile compounds of the MBI and MAI were identified by comparing their retention indices RI and mass spectra with published data 8 , previous literature studies 9 37 and digital libraries Mass Finder 4 and NIST 02 and Aroma office version 3.0 Nishikawa Keisoku Co. Ltd. that includes 72,120 entries of RI of aroma compounds and literature sources. The retention indices were calculated for a homologous series of n-alkane C 5 -C 28 using a HP-5MS column.
Quanti cation of compounds
The quantitative analysis was performed by means of the internal standard addition method alkanes C 8 and C 19 . The volatile oil or aroma extract was diluted by a factor of 100 using diethyl ether to achieve a 1 mL volume, followed by addition of 4 μL of a C 8 and C 19 mixed solution 1 mg/ mL to the diluted oil. These samples were subjected to GC-MS and GC-FID determinations. The quantitative composition of oil was determined using GC-FID by assuming the total amount of detected components in the oil to be 100 . The quantitative analysis of characteristic odor compounds of the oils was performed using percentage peak area calculations using the GC-FID. The quantity of compounds was obtained by integrating the peak area of the spectrograms. The results were calculated as the mean values of the two-injections of the volatile oils without correction factors. All determinations were performed in du-plicate and averaged.
Aroma extract dilution analysis AEDA
The highest sample concentration 12 mg/mL was assigned a flavor dilution FD factor of one. The volatile oil was diluted stepwise with diethyl ether 1 1, v/v , and aliquots of the dilutions 1 μL were evaluated. Five trained panelists sniffed the aromas isolated by GC-O on the capillary column HP-5MS. The result was expressed as the FD factor, which is the ratio of the concentration of the odorant in the initial volatile oil to its concentration in the most diluted volatile oil whose the odor is still detectable by GC-O. On the basis of the AEDA result, the relative flavor activity RFA was calculated using an equation reported by Song et al. 38 .
RFA log FD factor 2 n /S 0.5 where 2 n is the FD factor and S is the weight percentage of a compound.
RESULTS AND DISCUSSION
Hydrodistillation of the MAI and MBI afforded pale yellowish oils, with yields of 0.002 and 0.001 v/v , respectively. MAI oil had a burnt-potato-sweat odor, while MBI oil had a potato-sweet-sweat odor. In total, 46 and 19 volatile compounds were detected in MAI and MBI oils, respectively Table 1 .
In the MBI oil blank sample , the main compounds were fatty acid such as hexanoic acid peak 19, 25.74 and octanoic acid peak 29, 18.14 , followed by phenylacetaldehyde peak 20, 12.33 and 2,5-dimethylpyrazine peak 10, 6.80 . In addition to five acids, five nitrogen-containing compounds were also identified in MBI oil with pyrazine compounds such as 2,5-dimethylpyrazine peak 10, 6.80 , trimethylpyrazine peak 17, 5.82 , and 2-methylpyrazine peak 3, 5.73 were found relatively high concentration. Aldehydes including 3-methylthio -propanal peak 9 , benzaldehyde peak 12 , and phenylacetaldehyde peak 20 accounted for 18.97 of the MBI oil, phenylacetaldehyde was the principal component. The 3-methylthio -propanal identified in MBI oil is a key aroma compound of the golden oyster mushroom Pleurotus citrinopileatus , boiled sweet potato Ipomoea batatas L. cv Ayamurasaki , and roasted arabica coffee brew Coffea arabica 39 41 . Finally, two ketones and one alcohol were also identified as components of MBI oil.
On the other hand, in the MAI oil short/medium-chain fatty acids, namely, heptanoic acid peak 24, 14.05 , nonanoic acid peak 32, 14.04
, pentanoic acid peak 8, 12.75 , and octanoic acid peak 29, 11.46 were principal components. In addition, eleven nitrogen-containing compounds were identified constituting 9.73 of the total volatile composition of MAI oil. This fraction compromising 7.15 included the pyrazine compounds such as 2,5-dimethylpyrazine, 2-methylpyrazine, and 3-ethyl-2,5-dimethylpyrazine. Among the four alcohols identified aromatic compounds such as phenylethanol etc. were included. Three ketones, three aldehydes, three esters, and seven hydrocarbons were also identified. For a comparison of the two oils components individual percentages for each category is shown in Fig. 1 . All components were divided into the following categories: alcohols, aldehydes, ketones, acids, esters, nitrogen-containing compounds, hydrocarbons, and miscellaneous. The MBI oil contained predominately acids 50. 3 , nitrogen-containing compounds 19.92 , and aldehydes 18.97 . Similarly, the MAI oil contained acids 68.09
, nitrogen-containing compounds 9.73
, and aldehydes 8.76 . In MAI oil, short or medium-chain fatty acids, including pentanoic acid, heptanoic acid, and nonanoic acid had higher concentrations relative to that of the MBI oil, in particular, heptanoic acid and nonanoic acid were only detected in the MAI oil. Pyrazines including 2-methylpyrazine, 2,5-dimethylpyrazine, 2-ethyl-6-methylpyrazine, and trimethylpyrazine were identified in both oils, while, 2-ethyl-5-methylpyrazine, 2-methyl-6-vinylpyrazine, 2-methyl-5-1-methylethyl -pyrazine, and 3-ethyl-2,5-dimethylpyrazine were only detected in MAI oil. These pyrazine compounds are important flavor components in MAI, and may be synthesized by microorganisms 41 . Pyrazines, aromatic heterocyclic nitrogen-containing compounds, and their analogues e.g. alkylated pyrazines are produced by some microorganisms, and possess a great variety of odors. For this reason, these compounds have been employed as flavor and taste enhancers in the food industry. Pyrazine compounds are responsible for the aroma of various foods including beans, nuts, meat, potatoes, and coffee. In particular, 2,5-dimethylpyrazine which was identified in MBI and MAI oils, is used as a flavoring agent in breakfast cereal 42 . Production of odorants including pyrazines and terpenoids by microorganisms has been extensively studied. Our previous studies have investigated metabolites, which give specific aromas through biotransformation of various terpenoids e. g. aromadendrane skeleton and bisabolane skeleton 43, 44 . The presence of various pyrazine compounds in MAI would further increase the value of the oil produced Fig. 2 . The minor heterocyclic aromatic compounds, 3-methoxypyridine peak 14 and indole peak 33 were only identified in MAI oil. AEDA is a human bioassay for determination of the odor activity of each component in a mixture, whereby trained panelists sniffed a series of diluted GC effluent. Following separation by GC, the odors of each volatile compound are determined at the sniffing port of the GC-O apparatus. Odor descriptions of the compounds detected with GC-O and the ranges of FD factors, are presented in The aroma-active compounds of both oils were identified by GC-O and AEDA. Eight and ten compounds were identified in the MBI oil and MAI oil, respectively , roast . The higher FD factors were often related to the aroma active compounds, but the high FD factor of the compounds may be caused by their higher concentrations in the oil. Therefore, the relative flavor activity RFA was calculated in which both the FD factor and percentage weight of each component were taken into account Table 2 .
Although the FD factor of phenylacetaldehyde in MBI oil was high at 9, its RFA value was only 0.8. In MAI oil, RFA values of pentanoic acid and phenylacetaldehyde, which had high FD factors FD factor 2 12 and 2 6 were moderate , where S is the weight percentage at 1.0 and 0.7, respectively. Therefore, it is plausible that high FD factors for pentanoic acid 3060 μg/kg . and phenylacetaldehyde contained in MBI and MAI oils 1726 and 1821 μg/kg, respectively might be due to their high concentrations in the samples. In terms of the RFA values, 3-methylthio -propanal and butanoic acid are the most important aroma compounds of MBI oil. In contrast, the most intense aroma active compounds in MAI oil were 2-ethyl-5-methylpyrazine, 3-methylthio -propanal, and trimethylpyrazine peak 17 . In summary, taking the FD factor and RFA value into account, we determined that the sulfurcontaining compound, namely, 3-methylthio -propanal, with a potato-like odor, would have the most important role in the aroma of both oils. In addition, butanoic acid sweat odor and phenylacetaldehyde sweet odor also contribute to the aroma of MBI oil Fig. 3 . Conversely, the pyrazine compounds, namely, 2-ethyl-5-methylpyrazine and trimethyl pyrazine are the most important chemical class in MAI oil since they affect the odorant intensity more strongly than the other aroma-active components. These compounds have a burnt-roast-like odor, as determined by the sniff test. A further key odorant identified to contribute to the sweat odor of MAI oil was pentanoic acid produced by L. acidophilus Fig. 3 .
To the best of our knowledge, this is the first study that indicated the diversity of waste medium after incubation with L. acidophilus and provided the chemical composition of key aroma compounds, which are responsible for the overall aroma of MAI. It is notable that the utilization of waste MAI has afforded various aroma-active pyrazine compounds. Further studies are needed to determine the biosynthetic pathway by which each component, detected exclusively in the MAI, is produced during fermentation. We hope these results will be valuable for future investigations into the utilization of liquid wastes from fermentation processes.
